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NOTICE 
This report was prepared as an account of Government sponsored 
work. Neither the United States, nor the National Aeronautics 
and Space Administration (NASA), nor any person acting on 
behalf of NASA 

A.] Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or.* usefulness of the information contained in this 
raport, or that the use of any information, apparatus, 
mehod, or process disclosed in this report may not 
iafringe privaiely.owned rights; or 

B.) Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor- 
mation, apparatus, method or process disclosed in 
this report. 

As used above, "person acting on behalf of NASA" includes 
any employee or contractor of NASA, or employee of such con- 
tractor, to the extent that such employee or contractor of NASA, 

' or employee of such contractor prepares, disseminates, or 
proyides access to, any information pursuant to his employment 
or contract with NASA, or his employment with such contractor. 

Requests for copier of this report 
should be referred to: 

National Aeronautics and Space Administration 
, Scientific and Technical Information Division 
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ADVANCED REFRACTORY ALLOY CORROSION LOOP PROGRAM 

I. INTRODUCTION 

T h i s  r epor t  covers t h e  period from Ju ly  15, 1967 t o  October 15,  1967. 

The primary t a s k  of t h i s  program i s  t o  f a b r i c a t e ,  ope ra t e  f o r  10,000 hours 

and eva lua te  a "-111 Rankine System Corrosion T e s t  Loop. Mater ia l s  f o r  

eva lua t ion  inc lude  the  containment a l loy ,  T-111 (Ta-8W-2Bf) and t h e  

turb ine  candidate  ma te r i a l s  Mo-TZC and Cb-132M which a r e  loca ted  i n  t h e  

tu rb ine  s imula tor  of t h e  two-phase potassium c i r c u i t  of t h e  system. The 

loop design w i l l  be s i m i l a r  t o  t h e  Cb-1Zr Rankine gystem30QraoSion &oop; 
a two-phase, forced convection, potassium cor ros ion  t e s t  loop which has 

been developed under Contract  MAS 3-254'7. Lithium w i l l  be heated by 

d i r e c t  r e s i s t a n c e  i n  a primary loop. Heat r e j e c t i o n  f o r  condensation i n  

the  secondary potassium loop w i l l  be accomplished by r a d i a t i o n  i n  a high 

vacuum environment to t h e  water cooled chamber. The compat ib i l i ty  of the 

se lec ted  ma te r i a l s  w i l l  be evaluated a t  condi t ions  r ep resen ta t ive  of space 

e l e c t r i c  power s y s t e m  opera t ing  condi t ions ,  namely: 

a.  Boiling temperature, 2050°F 

b. Superheat temperature, 2150°F 

e.  Condensing temperature,  1400°F 

d ,  Subcooling temperature, 1000°F 

e. Mass flow r a t e ,  40 Ib /hr  

f ,  Boi le r  e x i t  vapor ve loc i ty ,  50 f t / s e c  

g. 

h. 

Average hea t  f l u x  i n  plug (0-18 inches) ,  240,000 BTU/hr f t 2  

Average hea t  f l u x  i n  b o i l e r  (0-250 inches) ,  23,000 BTU/hr f t 2  

In  add i t ion  to t h e  primary program t a sk  c i t e d  above the program a l s o  

includes capsule  t e s t i n g  t o  eva lua te  advanced tantalum al loys of t he  

ASTAR 811 type (Ta-8W-1Mf-1Re) i n  both potassium and l i th ium.  

-1- 



Also included in the program is the fabrication, 5000-hour operation 

and evaluation of a 2600°F, high flow velocity, pumped lithium loop 

designed to evaluate the compatibility of the ASTAR 811 type alloys, T-111, 

T-222, and the tungsten alloy W-25Re-30MoS 

-2- 



11. SUMMARY 

The fabrication and postweld annealing of all major loop assemblies 

was completed. 

Indicated high-oxygen concentrations in the distilled lithium by 
fast neutron activation analysis were partially a result of experimental 

technique at General Atomic. Vacuum distillation analysis has indicated 

an oxygen concentration of approximately 80 ppm, 

The program has been modified to include the construction, operation, 

and evaluation of a 2600°F lithium loop. 

ASTAR 811C oxygen contaminated specimens were prepared and capsules 

were formed for the advanced tantalum alloy capsule tests. 

-3- 





111. PROGRAM STATUS 
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A. T-111 RANKINE SYSTEM CORROSION TEST LOOP FABRICATION 

The f a b r i c a t i o n  s t a t u s  of T-111 Corrosion Loop components i s  a s  

follows : 

1. Slack Diaphragm Transducers 

S,ix T-111 a l l o y  t ransducers ,  which were f i l l e d  w i t h  NaK by 

Taylor Instrument Company, were received. The sampler which was f i l l e d  

with NaK a t  t h e  t i m e  of t ransducer  f i l l i n g  was received.  Chemical 

ana lys i s  i nd ica t ed  less than  3 ppm oxygen concent ra t ion  i n  t h e  NaK. 

The s i x  T-111 a l l o y  t ransducers  were subsequently re leased  f o r  loop 

f ab r i ca t ion .  

2. Metering Bnd I s o l a t i o n  Valves 

The f i n a l  machined T-111 a l l o y  valve bodies and Mo-TZM a l l o y  

valve plugs were received. The valve plugs a r e  shown i n  Figure 1. 

Because the  valves  have Cb-1Zr a l l o y  bellows the normal welding and post- 

weld annealing sequence was somewhat modified. The T-111 a l l o y  valve 

bodies were annealed sepa ra t e ly  a t  2400°F f o r  1 hour per  s p e c i f i c a t i o n  

SPPS 03-0037-00-A. The c losu re  weld between t h e  valve body and bellows 

assemblies was then made. The completed on-off valve w a s  annealed a t  

2200'F f o r  1 hour, t he  postweld hea t  t reatment  f o r  Cb-1Zr a l loy ,  during 

t h e  postweld anneal of t he  potassium surge tank assembly. 

The metering valve was annealed sepa ra t e ly  a t  2200'F f o r  1 hour. 

A rou t ine  mass spectrometer helium l eak  test ind ica t ed  a minute l eak  a f t e r  

t h i s  t reatment .  A f l uo rescen t  pene t ran t  inspec t ion  was then performed 

which ind ica ted  a very s l i g h t  poros i ty  near  t h e  edge of t h e  weld used t o  

j o i n  t h e  T-111 bellows assembly t o  t h e  T-111 valve body. An e l e c t r o n  

beam weld pass was made over  t h i s  a rea  which el iminated t h e  previously 

described leak .  

1 hour. No mass spectrometer l eak  ind ica t ions  were evident  a f t e r  t h i s  

The valve was then  postweld annealed again a t  2200°F f o r  

treatment,  and the  valve was re leased  f o r  incorpora t ion  i n t o  t h e  potassium 

pump o u t l e t  l i n e .  
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3. Turbine Simulator 

The s i n g l e  s t age  tu rb ine  s imulator  was completed and has  been 

incorporated i n t o  t h e  b o i l e r  assembly. 

The nozzle assemblies f o r  t h e  nine-stage tu rb ine  s imula tor  

were a l s o  received. Each assembly c o n s i s t s  of a nozzle,  blade, and two 

pads which support  t h e  blade.  F ina l  hand pol i sh ing  using 30 and 15 

micron diamond pas t e  was used t o  improve t h e  s u r f a c e  f i n i s h  of t h e  

nozzles.  The exce l l en t  appearance of t h e  nozzles  may be seen i n  Figure 2. 

The second s t age  Mo-TZC a l l o y  nozzle  assembly i s  shown i n  F igure  3 and the  

s i x t h  s t age  Cb-132M a l l o y  nozzle  assembly i s  shown i n  Figure 4. 

cent  penetrant  i n spec t ion  revealed t h r e e  cracked Mo-TZC a l l o y  blade 

support pads i n  t h e  i n i t i a l  group. These pads were replaced with new 

Cb-132M a l l o y  pads which passed inspec t ion .  Af t e r  f i n a l  weighing and 

cleaning operat ions,  t he  nozzle assemblies were posi t ioned i n  t h e  tu rb ine  

s imulator  cas ings  a s  depicted i n  F igure  5. A 0.062-inch diameter T-111 

a l l o y  w i r e  i s  used t o  a l i g n  the nozzle  assemblies i n s i d e  t h e  cas ing  by 

s l i d i n g  i n t o  matching 0.032-inch grooves on t h e  i n s i d e  diameter of t h e  

casing and o u t s i a e  diameter of each nozzle assembly. 

Fluores- 

4. Lithium and Potassium Surge Tank Assemblies 

The potassium surge tank assembly was completed with t h e  welding 

of t h e  T-111 a l l o y  i s o l a t i o n  valve t o  t h e  Cb-1Zr tank. This  assembly and 

the  l i t h ium surge tank assembly were then postweld annealed a t  2200°F f o r  

one hour i n  t h e  Union Carbide Company's ABAR furnace  a t  Kokomo, Indiana.  

This anneal was conducted i n  accordance with s p e c i f i c a t i o n  SPPS 03-0037-00-A, 

except t h a t  t he  pressure  was 5 x lom5 t o r r  a t  t h e  s t a r t  of t h e  one hour - 
2200°F run r a t h e r  than the maximum of 1 x t o r r  spec i f ied .  Af te r  1 

hour a t  2200°F t h e  pressure  had decreased t o  1 x t o r r .  The r e s u l t s  

of t h e  chemical ana lys i s  of t h e  test  specimen which accompanied t h e  loop 

components a r e  given i n  Table I and i n d i c a t e  t h a t  no s i g n i f i c a n t  i nc rease  

i n  i n t e r s t i t i a l  element concent ra t ion  occurred during annealing. 
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Figure 3. Entrance and Exit S i d e  of the Nozzle and the Blade Assembly of 
the Second Stage (Mo-TZC) of the Turbine Simulator. 

(C67090666, C6709670) 
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Figure 4.  Entrance and E x i t  S i d e  of the Nozzle and the Blade Assembly of 
the Sixth Stage (Cb-132M) of the Turbine Simulator. 

(C67090667, C67090669) 
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Figure  5.  Turbine Simulator (Stages 2 t o  10) of t h e  T-111 Corrosion Loop I 
P r i o r  t o  Assembly. 

(C67090661) 
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TABLE I. RESULTS OF CHEMICAL ANALYSES OF T-111 SHEET SPECIMEN FOLLOWING 
HEAT  TREATMENT(^) OF THE LITHIUM AND POTASSIUM SURGE TANK 

ASSEMBLIES OF THE T-111 CORROSION TEST LOOP 

(b) Pressure, Torr Element, ppm 

Start of Run End of Run 0 N H C - - - -  
Pretest Analysis 
(MCN 02B-010) 65 5 1 10 

Analysis after one 
hour-2200°F vacuum 

1.0 73 7 1 14 
74 9 1 20 

anneal (d) 5 .0  

Vacuum heat treatment performed in Abar-90 furnace at Stellite - 1 
ucc . 
Analytical methods: 0, M, and H; Vacuum Fusion 

C ;  Combustion Conductometric 

0.040-inch thick T-111 sheet 

Specimen was wrapped with one layer of 0,002-inch 
f o i l .  

thick Cb-1Zr 



"i 

Cb-1Zr to Type 316 stainless steel bimetallic joints were 

then welded to the gas pressurization and liquid metal inlet lines of 

each surge tank. These four welds were then postweld annealed locally 

in accordance with specification SPPS 03-0037-00-A, 

5. Major Loop Subassemblies 

During loop fabrication, four major subassemblies, the condenser, 

boiler, potassium surge tank, and lithium heater, will be sequentially 

assembled as described in Figure 6. 

a, Condenser Assembly 

The condenser assembly consists of the condenser, nine- 

stage turbine sirnulator, subcooler reservoir, and associated piping as 

shown in Figure 7. A more detailed view of the turbine simulator and 
potassium vapor line is shown in Figure 8. Radiographic inspection of 

this assembly revealed a 0.060-inch diameter spherical defect in the weld 

between the subcooler reservoir and the condenser. Because of scheduling 

difficulties with the large vacuum furnace required to postweld anneal 

this assembly, this weld repair was postponed until the assembly\anneal 

was completed as described below. Subsequently, the defect was removed 

and the weld repair completed. This weld was then locally annealed at 

2400°F for one hour in accordance with specification SPPS 03-0037-00-A. 

'%'he high eaittance coating of iron titanate (Fe2Ti05) was 

then applied t o  the unalloyed tantalum condenser fins by Psatt and Whitney 

Aircraft using -&be procedures established previously 0,2) 

b. Boiler Assembly 

The boiler assembly consists of the boiler, single-stage 

turbine simulator, and potassium preheater as shown in Figure 9. This 

assembly was completed early in this report period. 

Potassium Corrosion Test Loop Development, Quarterly Progress Report 
No. 8 f o r  Period Endizg April 15, 1965, NASA Contract NAS 3-2547, 

, NASA-CR-5473%, p. 3'3. 

RecommeLaded Procedure, December 14, 1965, Pratt and Whitney Aircraft, 
East Hartford, Connec%icut. 
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Figure 7. Condenser - Turbine Simulator Assembly Following Application of 
Iron Titanate Coating on Tantalum Fins. 

(667100410) 
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Figure 8. Nine Stage Turbine Simulator and Top of Condenser. 
C67 100409) 
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Figure 9. Potassium Preheater - Boiler - First Stage Turbine Simulator 
Assembly Following Postweld Anneal. 

(C 67 10041 2 ) 
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c. Potassium Surge Tank Assembly 

The potassium surge tank assembly consists of the potassium 

surge tank, potassium EM pump duct, and potassium EM pump outlet line. 

The outlet line contains the metering valve, two slack diaphragm pressure 

transducers and one fast response pressure transducer. The assembly was 

completed during this report period. Three local postweld anneals at 

2400'F for one hour were necessary for heat treatment of nine assembly 

welds. 

d. Lithium Heater Assembly 

Three welds will be required to join the lithium heater, 
EM pump duct, and surge tank of the lithium heater assembly. These welds 

and the two local postweld anneals required will be performed early in 

the next report period. 

6. Postweld Annealing of Major Loop Subassemblies 

The boiler and condenser major subassemblies and the lithium 
heater, all wrapped with one overlapping layer of Cb-1Zr foil, were post- 

weld annealed at 2400°F for one hour in Stellite's Brew furnace Model 966 

at Kokomo, Indiana on September 7, 1967. This anneal was conducted in 

accordance with specification SPPS 03-0037-00-A. This furnace had pre- 

viously been qualified at 3000'F using 0.040-inch thick T-111 alloy test 

coupons both wrapped with Cb-1Zr alloy foil and unwrapped. The results 

of this qualification run are shown in Table I1 and indicate no signifi- 

cant increase in interstitial element concentration occurred during 

annealing. 

During the annealing the various loop assemblies, which weighed 

approximately 250 pounds, were suspended from Ta-1QW alloy hanger#bars 

that are mounted on the top flanged dome of the chamber. 

Four Pt/Pt-1ORh thermocouples were used to monitor the tempera- 

ture of the loop components. These thermocouples were wrapped with two 

layers of Cb-1Zr foil and positioned under the Cb-1Zr foil wrap which 

surrounded the components. A W-5Re/W-26Re thermocouple was used to monitor 

P 

' I  

I 

1 

I j 
/x 1 

the furnace temperature. 
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TABLE I1 RESULTS OF THE QUALIFICATIQN TEST OF STELLITE'S BREW FURNACE 
MQDEL 966 ON AUGUST 25, 1967 

Furnace Conditions: 1 Hour at 3000OF 
Waximum Pressure at Temperature: 4.4 x Torr 

(b) Concentration, ppm 

Unwrapped Specimen (c) Before Wrapped Specimen 
Anneal After Anneal Af kGxcAnnsa2 1: -- Qa) El emerr t 

0 26 27 51 

N 14 12 14 

H 1 1 2 

C <lo 11 27 

Test speeimer,s: T-111 sheet, 0.040-inch thick (MCN 02A-078) 

Qb' Analytical methods: 0, M, and H; Vacuum Fusion 
6; Combustion Conductometric 

Specimen was wrapped with layer of 0.002-inch thick Cb-1Zr foil 
during heat treatment 



The furnace temperature and pressure  during the  annealing run 

The furnace heat  up r a t e ,  which was programmed a r e  given i n  Figure 10,  

a t  25OF/minute, was in t e r rup ted  and the  temperature held constant  a t  

l O O O " ,  1500°, 2040°, and 2200°F f o r  t i m e  per iods of 1 0  t o  15  minutes t o  

allow t i m e  f o r  thermal equ i l ib ra t ion ,  outgassing and pressure  reduct ion.  

The bene f i c i a l  e f f e c t  of t h i s  holding opera t ion  on outgassing of the 

system is evident  i n  Figure 10. The chamber pressure  w a s  7 x 10  t o r r  

a t  t he  s t a r t  of the  one hour anneal and decreased t o  3 x 10 t o r r  a f t e r  

one hour. The temperature of t he  var ious  components and the  c o r r e l a t i o n  

of these  temperatures w i t h  furnace temperature and chamber pressure  a r e  

given i n  Table III. It may be noted t h a t  t h e  temperatures of the var ious 

components equ i l ib ra t ed  w i t h  t h e  furnace temperature i n  l e s s  than 10 

minutes a t  2400OF. The maximum temperature d i f f e rence  f o r  t h e  t h r e e  

components was 25"F, ind ica ted  exce l l en t  temperature uniformity wi th in  

t h e  furnace.  

-6 

-6 

B ,  ALXALI METAL PURIFICATION 

,,- 

Due t o  the  f a c t  t h a t  recent  analyses  of d i s t i l l e d  l i t h ium f o r  oxygen 

, (3) by f a s t  neutron a c t i v a t i o n  ind ica t ed  high values,  245 ppm and 138 ppm 

another  sample was removed from t h e  s t i l l  r ece ive r .  This l i t h ium sample 

was submitted t o  General Atomic f o r  ana lys i s  along with a sample of potas- 

sium known t o  conta in  less than 10 ppm oxygen., The r e s u l t s ,  800 ppm k 65 

ppm oxygen f o r  t h e  l i t h ium and 485 ppm 44 ppm oxygen f o r  the potassium, 

ind ica ted  t h a t  these  samples were contaminated during t h e  capsule  loading 

opera t ion  a t  General Atomic. Consequently, polyethylene capsules  were 

obtained from General Atomic and loaded with d i s t i l l e d  l i t h ium and low-oxygen 

potassium a t  SPPS i n  the  Vasco welding chamber i n  a helium atmosphere which 

contained t h e  following contaminants i n  ppm as determined by ana lys i s  with 

a mass spectrometer and e l e c t r o l y t i c  hygrometer: 

H20 

Before loading 2 2 0.3 

Af t e r  loading 2 2 2.3 

- N - 0 - 

3 
4 e 1 

g3) Advanced Refractory Alloy Corrosion Loop Program, Quarter ly  Progress 
Report Number 9 f o r  Period Ending August 15, 1967, NASA Contract  
NAS 3-6474. 
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Figure 10. Pressure and Temperature During the Heat Treatment of Corrosion Loop I 
Components in the Brew Furnace at Stellite on September 7, 1967. C13iO-10 

-21- 



Er 
0 
0 
0 
rl 

n 
e, 

W 
M 

I u 
\ 
E Er 

n 
Q 
W 

N 
I u 
\ 
E 

n 
(d 

0 0  
rl v w  

0 0 0 0  

\ 
E 
c: 

a, 
e, 0 0  
(d 0 0  c 0 0  
k d r l  
7 
Er 

I n I n  -. I I  
a, 0 0  
k r l r l  

m o  
a,E 0 0 k * D  

PI M r l  

ix x x 

Er 
0 
0 
In 
rl 

c, 
(d 

2 
.rl a 
rl 
0 
JZ 
c, 
k 
(d 
c, 
m 

R 
0 
rl 
In 
rl 

c, 
(d 

M c 
*rl a 
rl 

x" 

Er 
0 
N 
0 cu 
c, 
(d 

bo c 
.d 
73 
rl 
0 
JZ 
c, 
k 
(d 
c, 
m 

Er 
0 
v 
0 cu 
c, 
(d 

bn c 
T I  a 
rl 

&! 

R 
0 
v 
0 cu 
c, 
cd 

bo e 
.rl 
P 
4 
0 
X 

0 0  0 0 0 0  m a  t - 0 t - m  
r l c u  Q I O O O  
r l r l  r l c u N c u  

0 0  O I n O I n  
0 0 L -  b d N N  m v  a 0 0 0  
r l r l  r l c u c v c u  

I n I n I n w  
1 I I I  
0 0 0 0  
r l r l r i r l  

x x x x  

.rl a 
rl 
0 
JZ 
c, 
k 
(d 
c, 
m 

I 
I 

I 
I 

0 
I 

I 
i 

0 
0 
N cu 

c: 
cd 

bi 
I: 
.d a 
li 
0 x 

In 
b 
rl cu 

0 
00 
rl cu 

0 
QI 
rl cu 

In 
b 
rl 
N 

0 
N cu 
N 

Er 
0 
0 cu cu 

Fr 
c , o  ( d c  

!s 
boa e m  

I C 0  
I 

0 0  
r l r l  

x x  
0 0  
L - w  

O .  

b o  
d o  
I n w  
r l r l  

R 
0 
0 
v cu 
w % %  
( d o 0  

I n o o o  
w Q l Q l Q l  m m m m  
c u c u N N  

0 0 0 0  
Q I O O O  
m v v *  
N c u N c u  

0 0 0 0  
o r l r l r l  
v t ( ' ; t t v v  
C i l N c u c u  

) w w w  
I l l  

0 0 0 0  
r l r l r l r l  

x x x x  
0 0 0 0  
b c D I n M  
. . . .  

2 
.d 
rl 
0 
0 u 

II 
I 

I 
I 

I 
I 

I 
I 

0 
0 
In 
rl 

> 
0 
rl 

x 
Eo 

rl 

In 
M 
b 
rl 

a, n a 
0 0 
c, k 

.. .. .. a. 

r l c u m v  
1 1 1 1  u o u u  
\ \ \ \  
E E E k  

n n n n  
( d Q  w w . 3 3  

-22- 



J 

I 

J 

The length  of t i m e  during which t h e  a l k a l i  metal specimens were exposed t o  

t h e  chamber atmosphere was less than 30 minutes, The polyethylene capsules  

were sea led  by melting t h e  polyethylene wi th  a so lde r ing  gun using a new 

copper t i p .  The capsules  were subsequently sea led  i n  s t a i n l e s s  steel tubes 

with Swagelok caps while s t i l l  i n  t h e  welding chamber. The a l k a l i  metal 

su r f ace  showed no v i s i b l e  s igns  of oxygen contamination a t  t h e  t i m e  of 

sea l ing .  Fas t  neutron a c t i v a t i o n  ana lys i s  of t hese  specimens for oxygen 

indica ted  1530 133 ppm and 1473 f 132 ppm f o r  t h e  l i t h ium and 814 f 70 

and 867 2 71 ppm f o r  t h e  potassium. 

i n v e s t i g a t e  a l l  poss ib le  sources of e r r o r  t o  determine t h e  reason f o r  

t hese  high values.  They discovered t h a t  t h e  polyethylene capsules  used 

i n  recent  analyses  w e r e  from a new l o t  f o r  which t h e  average oxygen blank 

was considerably higher  than t h a t  f o r  t h e  previous l o t  which was used i n  

t h e  ca l cu la t ions .  The average blank for t h e  new l o t  was then determined, 

and values  f o r  oxygen of 461 1 219 ppm and 489 f 217 ppm f o r  t h e  l i th ium,  

and 215 2 114 ppm and 229 

r e s u l t s  a r e  s t i l l  considered t o  be except iona l ly  high. I t  must be 

emphasized t h a t  t h e  capsule  blank used i n  t h e  ca l cu la t ions  w a s  an average 

value,  and t h e  range of values  f r o m  t h e  capsules  which gave t h i s  average 

i s  not  known. Future  neutron a c t i v a t i o n  analyses  a t  General Atomic w i l l  

be performed using capsules  for which t h e  oxygen blank has been determined 

on an ind iv idua l  bas i s .  

General Atomic was requested t o  

114 ppm f o r  t h e  potassium were found. These 

A sample of t h e  l i thium, f o r  which t h e  except iona l ly  high oxygen 

values were obtained by neutron ac t iva t ion ,  was a l s o  s e n t  t o  M r .  Randolf 

Gahn a t  t he  Lewis  Research Center (NASA) f o r  ana lys i s  by t h e  d i s t i l l a t i o n  

method being developed there. H e  obtained values  of 83 and 87 ppm oxygen. 

No a n a l y t i c a l  blank has  been subt rac ted  from these  values  s i n c e  t h e  blank 

f o r  t h i s  system has no t  been determined. The t r u e  oxygen values  may there-  

f o r e  be even less than ind ica ted .  I n  addi t ion ,  two samples of t h i s  l i th ium,  

of equal weight, were spiked with oxygen. The average oxygen concent ra t ion  

of t h e  l i t h ium was ca l cu la t ed  from t h e  previous analyses  and ind ica t ed  t h a t  

p r i o r  t o  spiking the samples contained 26 g m  oxygen. One sample was / 
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spiked with 142flgm oxygen and t h e  o ther ,  with 284 

recover ies  were 85% and 96%, r e spec t ive ly .  

gm oxygen; t h e  f l  

Suf f i c i en t  l i t h i u m  t o  fill the T-111 Corrosion T e s t  Loop and t he  

2600°F Lithium Loop s h a l l  be d i s t i l l e d  p r i o r  t o  obta in ing  addi t iona l  

oxygen determinat ions.  

C. 2600°F LITHIUM LOOP 

The Advanced Refractory Alloy Corrosion Loop Program has been 

modified t o  inc lude  t h e  design, f a b r i c a t i o n ,  instrumentation, operat ion 

and eva lua t ion  of a 2600°F Lithium Loop. The primary ob jec t ive  of t h e  

test program i s  t o  determine t h e  corrosion r e s i s t a n c e  of several  advanced 

r e f r ac to ry  a l l o y s  t o  l i q u i d  l i t h ium i n  a test loop which s imulates  t h e  

maximum temperature,  temperature grad ien t ,  heat  f l u x  and l i t h ium ve loc i ty  

of proposed out-of-pi le  thermionic power generat ion systems. The loop 

w i l l  be f a b r i c a t e d  of T-111 a l l o y  and conta in  advanced r e f r ac to ry  a l l o y  

specimens. The loop w i l l  be operated f o r  5,000 hours a t  a maximum tempera- 

t u r e  of 2600°F with a temperature grad ien t  of 200°F i n  t h e  heat  r e j e c t i o n  

sec t ion  of t h e  loop. 

The d e t a i l  design of the 2600°F Lithium Loop was completed and sub- 

mi t ted  t o  the  NASA Program Manager f o r  approval. The loop i s  i l l u s t r a t e d  

i n  an i sometr ic  drawing, Figure 11 which shows the r e l a t i v e  pos i t i on  and 

o r i e n t a t i o n  of t h e  p r i n c i p l e  loop components. A schematic diagram of t h e  

loop a t  s teady s t a t e  operat ing condi t ions  i s  shown i n  Figure 12,  

The p r i n c i p l e  components of t h e  loop and t h e i r  funct ions a r e  described 

below: 

1. Electromagnetic Pump 

A h e l i c a l  induct ion  electromagnetic pump with a T-111 a l l o y  

duct w i l l  c i r c u l a t e  l i q u i d  l i t h ium a t  a flow r a t e  of 400 pounds per  hour 

a t  an i n l e t  temperature o f  2400OF. The duct w i l l  be wrapped w i t h  Cb-1Zr 

f o i l  i n s u l a t i o n  and enclosed i n  a s t a i n l e s s  steel can which w i l l  be welded 

t o  a 4-inch diameter por t  on the vacuum chamber completing the  vacuum 

t i g h t  enclosure around t h e  T-111 a l l o y  duct .  The pump s t a t o r  i s  mounted 

-24- 



CORROSION SPECIMEN 
AS S EMBLY 

THERMAL SHIELD - 

PUMP OUTLI 

I "  
PUMP INLE 

DRAIN AND 
F I L L  LINE- 

\ 

Figure  11. I s o m e t r i c  D r a w i n g  of 2600'F Lithium Loop. 
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on an overhead t r o l l e y  t h a t  a l lows i t  t o  s l i d e  over t h e  s t a i n l e s s  steel 

can. 

mounted on t h e  s t a t o r  casing.  

The e l e c t r i c a l  windings of t h e  s t a t o r  a r e  air-cooled by a blower 

2. E l e c t r i c a l  Resis tance Heater 

The e l e c t r i c a l  r e s i s t a n c e  l i t h ium h e a t e r  c o n s i s t s  of two 

sec t ions  of 0.375-inch OD by 0.065-inch wal l  T-111 tubing wound i n  a 

4-inch diameter c o i l .  A t  each end of t h e  h e a t e r  and a t  t h e  center,  a 

1-inch diameter s e c t i o n  w i l l  be b u t t  welded t o  t h e  tubes a s  a support  

and f o r  t h e  attachment of t h e  e lec t rodes .  The e l ec t rodes  which a r e  not 

i n  contac t  w i t h  l i t h ium a r e  made from unalloyed tantalum. 

sa tu rab le  co re  r eac to r  with a high cu r ren t ,  s t e p  down transformer w i l l  

be used t o  supply e l e c t r i c a l  power t o  t h e  l i t h ium hea ter .  The h e a t e r  i s  

designed t o  opera te  a t  l i t h ium e x i t  temperatures of 2600°F i n  s teady 

s t a t e  operat ion.  

A 20KW 

A 0.125-inch diameter, T-111 a l l o y  rod i n s e r t  w i l l  be welded 

i n  each h e a t e r  c o i l  t o  i nc rease  t h e  l o c a l  l i t h ium ve loc i ty  t o  10 f e e t  

p e r  second and supply specimens for pos t - tes t  evaluat ion of t h e  e f f e c t s  

of high ve loc i ty  l i q u i d  l i t h ium on t h e  T-111 a l loy .  

3 ,  Nuclear FuelJ  Specimen T e s t  Sect ion 

A s ec t ion  of t h e  loop a t  t h e  e x i t  of t h e  l i t h ium h e a t e r  is  

designed t o  conta in  t h r e e  nuclear  f u e l  specimens i n  series. The f u e l  

specimens a r e  tubu la r  i n  shape with a 0.5-inch OD by 0.135-inch I D  and 

a r e  1.7 inches long. The l i t h ium i n  contac t  with t h e  I D  of each f u e l  

specimen w i l l  have a ve loc i ty  of 25 f e e t  per  second whereas s tagnant  

l i t h ium w i l l  be i n  contac t  with the OD of each specimen. The f u e l  specimen 

sec t ion  w i l l  be wrapped with mul t ip l e  layers of Cb-1Zr f o i l  t o  achieve a 

near  isothermal condi t ion  a t  2600°F. 

4. Tensile Specimen T e s t  Sect ion 

A s e c t i o n  i n  t h e  top  ho r i zon ta l  l e g  of t h e  loop i s  designed t o  

conta in  tens i le  specimens of t h r e e  advanced r e f r a c t o r y  a l l o y s :  

ASTAR 811CN and W-25Re-30Mo. 

ASTAR 811C, 

The t e n s i l e  specimens are i n s e r t e d  i n  p a i r s  
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with a small gap separa t ing  each pa i r .  I n  t h i s  manner t h e  l i t h ium ve loc i ty  

through the  gap w i l l  be 10  f e e t  per  second with s tagnant  l i t h ium i n  contac t  

with t h e  o t h e r  sur face  of the test  specimen. I d e n t i c a l  con t ro l  specimens 

t o  those i n  contac t  w i t h  l i t h ium w i l l  be a t tached  t o  t h e  ou te r  su r f ace  of 

t h e  test sec t ion .  The e n t i r e  sec t ion ,  including the  con t ro l  specimens 

w i l l  be wrapped with mul t ip l e  layers of Cb-1Zr f o i l  t o  achieve a near  

isothermal condi t ion  a t  2600°F. The con t ro l  specimens w i l l  be evaluated 

i n  conjunction w i t h  t h e  specimens i n  contac t  with l i t h ium a f t e r  t e s t i n g  

t o  separa te  the  thermal e f f e c t s  from t h e  e f f e c t s  of the a l k a l i  metal 

expo sure  

5 Corrosion Specimen Test  Sect ion 

A s e c t i o n  of t h e  loop i s  designed t o  conta in  tubu la r  specimens 

of t h ree  r e f r a c t o r y  a l loys ,  T-111, ASTAR 811C and ASTAR 8 l l C N  f o r  post- 

t e s t  corrosion eva lua t ion  i n  a 1-inch diameter conta iner  tube. A 0.375- 

inch tube w i l l  be i n s e r t e d  i n  t h e  c e n t e r  ho le  of each cor ros ion  specimen 

t o  increase  the  l i t h ium ve loc i ty  t o  10 f e e t  per  second. The cor ros ion  

specimen test  sec t ion  a l s o  func t ions  a s  a heat  r e j e c t o r  f o r  t h e  loop, and 

i t s  e f f e c t i v e  r a d i a t i n g  a rea  w i l l  be increased by enclosing the  1-inch 

diameter conta iner  tube i n  a 3-lnch diameter l i t h ium f i l l e d  j acke t  t h a t  

i s  open a t  t h e  bottom t o  the main loop, A thermal sh i e ld  w i l l  surround 

t h e  assembly which can be manually ad jus ted  t o  r egu la t e  t h e  r a d i a t i o n  

hea t  l o s s  t o  maintain a 200°F temperature grad ien t  i n  t h e  loop. 

6 Electromagnetic Flowmeter 

A permanent magnet flowmeter with a f l u x  dens i ty  of 3000 gauss 

w i l l  be used t o  measure t h e  l i t h ium flow r a t e .  The flow tube i s  a 0.375- 

inch OD by 0.065-inch wal l  T-111 a l l o y  tube.  T-111 a l l o y  w i r e  e l ec t rodes  

w i l l  be welded to  t h e  tubes a t  r i g h t  angles  t o  the  magnetic f l u x  f i e l d .  

The tube and t h e  magnet w i l l  be p a r t i a l l y  shielded by mul t ip le  l a y e r s  of 

Cb-1Zr f o i l  t o  l i m i t  t h e  temperature of the magnet t o  less than 900°F 

during operat ion.  



7. T e s t  Chamber 

The en t i r e  loop w i l l  be contained i n  a 24-inch diameter vacuum 
-9 

chamber capable of a cold wal l  vacuum of 1 x 10 torr, During peak out- 

gassing loads a t  t h e  s t a r t  of t h e  test, two t i tan ium sublimation pumps 

w i l l  a s s i s t  t h e  100 l i t e r  p e r  second gehteci:iom: pump t o  maintain t h e  

pressure  i n  the  10 t o r r  range. The e n t i r e  loop w i l l  be supported by a 

s t a i n l e s s  steel s t r u c t u r e  which w i l l  be welded t o  a 24-inch high c e n t e r  

spool s ec t ion  which i s  employed t o  f a c i l i t a t e  both t h e  manufacturing 

and i n s t a l l a t i o n  of t h e  loop. 

-8 

D. ADVANCED TANTALUM ALLOY CAPSULE TESTS 

The ASTAR 811C and ASTAR 811CN shee t  ma te r i a l s  necessary € o r  capsule  

f a b r i c a t i o n  were vacuum annealed f o r  1 hour a t  3000°F a t  N a t i m a l  Research 

Corporation, Newton, Massachusetts. The chemical ana lys i s  of these  

ma te r i a l s  following anneal ing i s  shorn i n  Table IV. 

The ASTAR 811C and ASTAR 8 1 1 C N  annealed shee t  ma te r i a l s  were success- 

f u l l y  formed i n t o  capsules  a t  National Research Corporation on September 22, 

1967. 

s p e c i f i c a t i o n  SPPS 03-0825-00-A. A t y p i c a l  capsule  s h e l l  and inner  tube  

assembly f o r  a l i t h ium thermal convection capsule  a r e  shown i n  Figure 13. 

Seam welding of t h e  capsules  was performed a t  GE-SPPS accordinp t o  

Oxygen contaminated ASTAR 811C specimens were prepared i n  t h e  24-inch 

diameter by 54-inch high Vasian high vacuum system(4). 

t h i ck  specimens measuring 1 inch wide x 22 inches long were heated by 

d i r e c t  r e s i s t ance ,  and t h e  temperature w a s  monitored with W-3Re/W-25Re 

thermocouples. 

see turbomolecular pump. 

pressure of 1.5 x 10  t o r r  was achieved. The specimens were heated t o  

2400°F and held a t  a 1 x 

leak .  

The 0.040-inch 

The chamber was i n i t i a l l y  evacuated by means of a 260 l i t e r /  

Following bakeout of t h e  system, a co ld  wal l  
-9 

t o r r  p ressure  maintained by means of an oxygen 

The oxygen p a r t i a l  pressures were determined during t h e  run with a 

(4) Advanced Refractory Alloy Corrosion Loop Program, Quar te r ly  Progress 
Report Number 6, f o r  Period Ending October 15, 1966, NASA Contract  
NAS 3-6474, NASA-CR-72177. 
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TABLE IV CHEMICAL ANALYSIS OF ASTAR 811C AND ASTAR 811CN SHEET(a) 

Element 

(b) Chemical Analysis, ppm 
ASTAR 811C ASTAR 811CN 

91, 87 (b) 0 43, 59 

N 9, 8 113, 101 

H 1, 1 I C 1  

C 290, 332 152, 174 

(a) 

(b) 

After recrystallization annealing for 1 hour at 3000°F. 

Analytical Methods: 0, N, and H; Vacuum Fusion 
C; Combustion Conductometric. 



Figure 13. Lithium Thermal Convection Capsule Assembly 
(ORIG. C67062922) 
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General Electric partial pressure gas analyzer resulting in the data 

shown in Table V. The chemical analysis of ASTAR 811C before and after 

contamination, shown in Table VI, indicates no significant changes in 

nitrogen, hydrogen, and carbon concentrations as a result of oxygen 

contamination e 

I 
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TABL& V OXYGEN CONTAMINATION OF ASTAR 811C(a’ AT 2400°F I N  A 
1 x TORR PRESSURE MAINTAINED BY AN OXYGEN LEAK 

(b)  
Oxygen P a r t i a l  
Pressure,  Torr 

Exposure Time, Hours 

Torr  Hours 

I n i t i a l  Oxygen Concentration, ppm 

F ina l  Oxygen Concentration, ppm 

Oxygen Pickup, pprn 

Oxygen Contamination Rate 
ppm/t o r r  hour 

S t ick ing  Factor 

5.7 x 

11 - 5  

65.5 

50 

255 

205 

6 31.4 x 10 

46 

(a’ 0,040-inch t h i c k  sheet  

-7 ‘b’ Average of 11 par i a l  pressure scans ranging from 5.4 x 10 
t o r r  t o  5.9 x 10 t o r r .  -;4 
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TABLE VI CHEMICAL ANALYSIS OF ASTAR 811C BEF’ORE ANI) AFTER 
OXYGEN CONTAMINATIO~~) 

El emen t 

(b) Chemical Analysis, ppm 
Before Contamination After Contamination 

43, 59 

9, 8 

1, 1 

290, 332 

252, 256 

4, 9 

1, 1 

269, 314 

‘a) 11 hours at 2400°F at 1 x torr pressure maintained by 

‘b) Analytical methods: 0, N, and H; Vacuum Fusion 

an oxygen leak. 

C; Combustion Conductometric. 
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I V .  FUTURE PLANS 

I 

A. The T-111 Rankine System Corrosion Test Loop assembly will be 

completed with the following major events. 

1. Completion of the lithium heater assembly. 

2. Assembly of all major subassembly in the loop support 

structure and final welding fixtures. 

3. Final loop assembly which requires eight welds to join the 

major subassemblies and attach three pressure transducers, 

4. Final assembly in the vaeuum chamber spool section and 

permanent support structure. 

3. The lithium necessary for filling both the T-111 Corrosion Test 

Loop and the 2600°F Lithium Loop will be distilled and analyzed. 

C. Fabrication of 2600'F Lithium Loop components will proceed. 

D. Assembly of the advanced tantalum alloy capsules will be completed 

and the capsules will be filled with alkali metal. 

-35- ' 
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Cleveland, Ohio 44135 
Attn: Librarian, MS 60-3 

National Aeronautics and Space Administration 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attn: Dr. Bernard Lubarsky (SPSD), 

MS 500-201 

National Aeronautics and Space Administration 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attn: G. M. Ault, MS 105-1 

National Aeronautics and Space Administration 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attn: R. L. Davies (NPTB), MS 500-201 (2) 

National Aeronautics and Space Administration 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attn: John E, Dilley (SPSPS), MS 500-309 

National Aeronautics and Space Administration 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attn: Maxine Sabala, MS 3-19 

National Aeronautics and Space Administration 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attn: T, A, Moss, MS 500-201 

National Aeronautics and Space Administration 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
At tn: Coulson Scheuermann, MS 106-1 

National Aeronautics and Space Administration 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attn: Report Control Office, MS 5-5 

National Aeronautics and Space Administration 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attn: V. Hlavin, MS 3-14 (Final only) 
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National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77001 
At tn: Librarian Attn: George Glenn 

National Aeronautics and Space Administration 
George C. Marshall Space Flight Center 
Huntsville, Alabama 38512 
Attn: Librarian Attn: Librarian 

National Aeronautics and Space Administration 
Jet Propulsion Laboratory Albany, Oregon 
4800 Oak Grove Drive Attn: Librarian 
Pasadena, California 99103 
Attn: Librarian Bureau of Ships 

Department of the Navy 
National Aeronautics and Space Administration Washington, DOC. 20225 
Western Operations Office Attn: Librarian 
150 Pic0 Boulevard 
Santa Monica, California 90400 
Attn: John Keeler Research & Engineering 

National Bureau of Standards Washington, D.C. 20225 
Washington, DOG, 20225 Attn: Librarian 
At tn: Librarian 

U,S, Atomic Energy Commission 
Flight Vehicle Power Branch Technical Reports Library 
Air Force Aero-Propulsion Lab Washington, DOC, 20545 
Wright-Patterson Air Force Base, Ohio 45433 Attn: J. M. O'Leary (2) 
Attn: Charles Armbruster, A 

Plight Vehicle Power Branch 
UP Force Aero-Propulsion Lab Attn: H. Rochen RNP 

Attn: AFML (MAMP, J. K, Elbaum) U,S. Atomic Energy Commission 
Germantown, Maryland 20767 

Plight Vehicle Power Branch Attn: Col. Gordon Dicker, 
Air Force Aero-Propulsion Lab 
Wright-Patterson Air Force Base, Ohio 
Attn: MAPL (APfP) U,S. Atomic Energy Commission 

Flight Vehicle Power Branch Attn: K. E. Horton 
Aiir Force Aero-Propulsion Lab 
..--.;!;l- i&Lerson Air Force Base, Ohio 
Attn:: George E. Thompson, APIP-1 Technical Information Service Extension 

Flight Vehicle Power Branch 
Air Force Aero-Propulsion Lab 
Wright-Patterson Air Force Base, Ohio 

Army Ordnance Frankford Arsenal 
Bridesburg Station 
Philadelphia, Pennsylvania 19137 

Bureau of Mines 
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Bureau of Weapons 

Materials Division 

National Aeronautics and Space Administration 
Washington, D,C. 20546 1 

Wright-Patterson Air Force Base, Ohio 45433 i 

SNAP 50/SPUR Project Office 

Germantown, Maryland 20767 

U.S. Atomic Energy Commission - T  

P , O o  Box 62 I 

Oak Ridge, Tennessee 37831 (3) 
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U, S . Atomic Energy Commission 
Washington, D.C. 20545 
Attn: M. J. Whitman 

Off ice  of Naval Research 
Power Division 
Washington, D.C. 20225 
Attn: Librar ian  

U,S. Naval Research Laboratory 
Washington, DOC.  20225 
Attn: Librar ian  

American Machine and Foundry Company 
Alexandria Division 
1025 North Royal S t r e e t  
Alexandria, Vi rg in ia  
Attnn Librar ian  

Aerojet-General Corporation 
P,O, Box 296 
Azusa, Cal i forn ia  91702 
Attn: Librar ian  

AiResearch Manufacturing Company 
Sky Harbor Airport  
402 South 36th Street 
Phoenix, Arizona 85034 
Attn: Librar ian  

AiResearch Manufacturing Company 
Sky Harbor Airport  
402 South 36th S t r e e t  
Phoenix, Arizona 85034 
Attn: E, A. Kovacevich 

AiResearch Manufacturing Company 
Sky Harbor Airport  
402 South 36th S t r e e t  
Phoenix, Arizona 85034 
Attn: John Dannan 

AiResearch Manufacturing Company 
9851-9951 Sepulveda Boulevard 
Los Angeles, Cal i forn ia  90045 
Attn: Librar ian  

Argonne National Laboratory 
Library Services - Dept. 203CE-125 
9700 South Cass Avenue 
Argonne, I l l i n o i s  60439 
Attn: Report Section 

Atomics In t e rna t iona l  
8900 DeSoto Avenue 
Canoga Park, Cal i forn ia  91303 
Attn: Harry Pearlman 

Avco 
Research and Advanced Development Department 
201 Lowell S t r e e t  
Wilmington, Massachusetts 01800 
Attn: Librar ian  

Battelle Memorial I n s t i t u t e  
505 King Avenue 
Columbus, Ohio 43201 
Attn: Librar ian  

Battelle Memorial I n s t i t u t e  
505 King Avenue 
Columbus, Ohio 43201 
Attn: D r .  E, M. Simmons 

Battelle-Northwest Labs 
P.O. Box 999 
Richland, Washington 99352 

The Bendix Corporation 
Research Laboratories Division 
Southfield,  Michigan 
Attn: Librar ian  

The Boeing Company 
S e a t t l e ,  Washington 98100 
Attn: Librar ian  

Brookhaven National Laboratory 
Upton Long Is land ,  New York 11973 
Attn: Librar ian  

Chance Vought A i rc ra f t ,  Incorporated 
P,O. Box 5907 
Dallas, Texas 75222 
Attn: Librar ian  

-41- 



Report Distribution List - NAS3-6474 - Quarterly and Final (Continued) 

Clevite Corporation General Dynamics/Fort Worth 
Mechanical Research Division P,O. Box 748 
540 East 105th Street 
Cleveland, Ohio 44108 Attn: Librarian 
Attnt N. C. Beerli, Project Administrator 

Fort Worth, Texas 76100 

General Motors Corporation 
Allison Division Convair Astronautics 

5001 Kerrny Villa Road 
San Diego, California 92111 
Attns Librarian 

Curtiss-Wright Corporation 
Wright-Aeronautical Division 
Wood-Ridge, New Jersey 07075 
Attn: S, Lombard0 

Ford Motor Company 
Aeronutronics 
Newport Beach, California 92660 
Attn: Librarian 

General Atomic 
John Jay Hopkins Laboratory 
P,O. Box 608 
San Diego, California 92112 
Attn: Librarian 

General Atomic 
John Jay Hopkins Laboratory 
P,O. Box 608 
San Diego, California 92112 
Attn: Dr. Ling Yang 

General Electric Company 
Atomic Power Equipment Division 
P,O, Box 1131 
San Jose, California 

General Electric Company 
Missile and Space Division 
P.O. Box b555 
Philadelphia, Pennsylvania 19114 
Attn: Librarian 

General Electric Company 
Vallecitos Atomic Lab 
Pleasanton, California 94566 
Attn: Librarian 
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Hamilton Standard 
Division of United Aircraft Corporation 
Windsor Locks, Connecticut 
Attn: Librarian 

Hughes Aircraft Company 
Engineering Division 
Culver City, California 90230-2 
Attn: Librarian 

IIT Research Institute 
10 West 35th Street 
Chicago, Illinois 60616 
Attn: Librarian 

Lockheed Missiles and Space Division 
Lockheed Aircraft Corporation 
Sunnyvale, California 
Attn: Librarian 

Lockheed Missiles and Space Division 
Lockheed Aircraft Corporation 
Sunnyvale, California 
Attn: John N. Cox, Staff Engineer 

Marquardt Aircraft Company 
P.0, Box 2013 
Van Nuys, California 
Attn: Librarian 
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The Martin Company 
Baltimore, Maryland 21203 
Attn: Librarian 

The Martin Company 
Nuclear Division 
P.O. Box 5042 
Baltimore, Maryland 21220 
Attn: Librarian 
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Martin Marietta Corporation 
Metals Technology Laboratory 
Wheeling, I l l i n o i s  
A t  tn: L ibrar ian  

Materials Research and Development 
Manlabs, Incorporated 
21 E r i e  S t r e e t  
Cambridge, Massachusetts 02139 

Materials Research Corporation 
O’rangeburg, New York 
Attn: Librar ian  

McDonnel A i r c r a f t  
S t ,  Louis, Missouri 63100 
Attn: Librar ian  

MSA Research Corporation 
Cal lery,  Pennsylvania 16024 
Attn: Librar ian  

North American Aviation 
Los Angeles Divis ion 
Los Angeles, Ca l i fo rn ia  90009 
Attn: Librar ian  

Oak Ridge Nat ional  Laboratory 
Oak Ridge, Tennessee 37831 
Attn: W, H. Cook 

Oak Ridge Nat ional  Laboratory 
Oak Ridge, Tennessee 37831 
Attn: We 0, H a r m s  

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37831 
Attn: Librar ian  

Oak Ridge Nat ional  Laboratory 
Oak Ridge, Tennessee 37831 
A t t n :  J, H, DeVan 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37831 
Attn: G. Goldberg 
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Pra- t  & Whitney A i r c r a f t  
400 Main Street 
East Hartford,  Connecticut 16108 
Attn: Librar ian  

Republic Aviation Corporation 
Farmingdale, Long I s l and ,  New York 
Attn: Librar ian  

Rocketdyne 
Canoga Park, Ca l i fo rn ia  91303 
Attn: Librar ian  

Solar  
2200 P a c i f i c  Highway 
San Diego, Ca l i fo rn ia  92112 
Attn: Librar ian  

Southwest Research I n s t i t u t e  
8500 Culebra Road 
San Antonio, Texas 78206 

Superior Tube Company 
Norristown, Pennsylvania 
Attn: A. Bwnd 

Sylvania E l e c t r i c s  Products, Incorporated 
Chemical & Metal lurg ica l  
Towanda, Pennsylvania 
Attn: L ibrar ian  

TRW Inc . 
Caldwell R e s  Center 
23555 Euclid Avenue 
Cleveland, Ohio 44117 
Attn: Librairian 

Union Carbide Corporation 
S t e l l i t e  Divis ion 
Kokomo, Indiana 
A t t n :  L ibrar ian  

Union Carbide Nuclear Company 
P.O. Box X 
Oak Ridge, Tennessee 37831 
Attn: X-10 Laboratory, 
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Union Carbide Metals 
Niagara F a l l s ,  New York 14300 
Attn: Librar ian  

M r ,  W. H. Podolny 
United A i r c r a f t  Corporation 
P r a t t  & Whitney Divis ion 
400 W. Main S t r e e t  
Hartford,  Connecticut 06108 

United Nuclear Corporation 
Research and Engineering Center 
Grassland Road 
Elmsford, New York 10523 
A t  t n  : Librar ian  

Union Carbide Corporation 
Parma Research Center 
P.O. Box 6115 
ClevelaEd, Ohio 44101 
Attn: Technical Information Services 

Wah Chang Corporation 
Albany, Oregon 
Attn;  Librar ian  

Westinghouse E l e c t r i c  Corporation 
Astronuclear Laboratory 
P,O, Box 10864 
Pi t t sburgh ,  Pennsylvania 15236 
Attn: Librar ian  

Westinghouse Electric Corporation 
Astronuclear Laboratory 
P,O. Box 10864 
Pi t t sburgh ,  Pennsylvania 15236 
Attn: R. To Begley 

Westinghouse Electric Corporation 
Materials Manufacturing Division 
RD f 2  Box 25 
Blairsvil le,  Pennsylvania 
A t  tn: Librar ian  

Westinghouse Electric Corporation 
Aerospace E l e c t r i c a l  Division 
Lima, Ohio 
Attn: P o  E, Kueser 

Westinghouse E l e c t r i c  Corporation 
Research & Development Center 
P i t t sburgh ,  Pennsylvania 15235 
Attn: Librar ian  

Wyman-Gordon Company 
North Grafton, Massachusetts 
Attn: L ibrar ian  

Grumman A i r c r a f t  
Bethpage, New York 
Attn: Librar ian  

Lawrence Radiation Laboratory 
Livermore, Ca l i fo rn ia  
Attn: D r .  James Hadley 

Lawrence Radiation Laboratory 
Livermore, Ca l i fo rn ia  
Attn: L ibrar ian  (2) 

Allison-General Motors 
Energy Conversion Division 
Indianapol is ,  Indiana 
Attn: Librar ian  

North American Aviation, Inc.  
Atomics In t e rna t iona l  Divis ion 
P.0. Box 309 
Canoga Park, Cal i forn ia  91304 
Attn: Director ,  Liquid Metals 

Information Center 

Douglas A i r c r a f t  Company, Inc. 
Missile and Space Systems Divis ion 
3000 Ocean Park Boulevard 
Santa Monica, Ca l i fo rn ia  
Attn: L ibrar ian  

Climax Molybdenum Company of Michigan 
1600 Huron Parkway 
Ann Arbor, Michigan 48105 
Attn: Librar ian  

Climax Molybdenum Company of Michigan 
1600 Huron Parkway 
Ann Arbor, Michigan 48105 
Attn: D r ,  M. Semchyshen 
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Fans t ee l  Meta l lurg ica l  Corporation Sandia Corporation 
North Chicago, I l l i n o i s  
Attn: L ibrar ian  Sandia Base 

National  Research Corporation Attn: James Jacob 
405 I n d u s t r i a l  Place 
Newton, Massachusetts 
Attn: L ibrar ian  

Varian Associates 
Vacuum Products Divis ion 
611 Hansen Way 
Palo Alto, Ca l i fo rn ia  
Attn: L ibrar ian  

Universal  C Y C I O ~ S  S t e e l  Corporation 
Refractomet Division 

A t t n :  C. Po Mueller 

Aerospace Nuclear Safety Division 

Albuquerque, N e w  Mexico 87115 

'1 Bridgevi l le ,  Pennsylvania i 

Los Alamos S c i e n t i f i c  Laboratory 
University of Ca l i fo rn ia  
Loo Alamos, New Mexico 
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j Attn: Librar ian  

Lockheed Georgia Company 
Division, Lockheed A i r c r a f t  Company 
Marietta, Georgia 
A t  tn:  L ibrar ian  
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TRW, Inc. 
TRW Systems Group 
One Space Park 
Redondo Beach, Ca l i fo rn ia  90278 

tn: Pr. €3. P. Silverman 

Sandia Corporation 
Aerospace Nuclear Safety Divis ion 
Sandia Base 
Albuquerque, new Mexico 87115 
Attn: A, J, Clark 

Sandia Corporation 
Aerospace Nuclear Safety Divis ion 
Sandia Base 
Albuquerque, N e w  Mexico 87115 
A t  tn: L ibrar ian  
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